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[57] ABSTRACT 

A method of forming a bottom gated TFT includes, a) 
providing a transistor gate relative to a substrate Which 
projects outWard thereof; b) providing a dielectric layer over 
the gate; c) providing a TFT layer of semiconductive mate 
rial over the dielectric layer; the thin ?lm transistor layer 
comprising a source area, a channel area, a drain area, and 
a drain offset area; d) providing a masking layer over the 
TFT layer; e) anisotropically etching the masking layer to 
de?ne a masking sideWall spacer laterally adjacent the 
transistor gate over the drain offset area and leave the 
channel area outwardly exposed; f) With the masking side 
Wall spacer in place, implanting a conductivity enhancing 
impurity of a ?rst type into the thin ?lm channel area to 
provide a thin ?lm channel region; and g) masking the 
channel area and the drain offset area While implanting 
conductivity enhancing impurity of a second type into the 
thin ?lm source and drain areas to de?ne thin ?lm source and 
channel regions. Also contemplated is providing a ?uorine 
containing layer over the polycrystalline thin ?lm layer and 
over the sideWall spacer prior to the channel masking step, 
folloWed by annealing thereof at a temperature and for a 
time Which in combination are effective to drive ?uorine into 
the polycrystalline thin ?lm layer and incorporate ?uorine 
Within grain boundaries in the polycrystalline thin ?lm to 
passivate said grain boundaries. Top gated transistors are 
also contemplated, Where the spacer is formed over a 
substrate elevation step. 

6 Claims, 4 Drawing Sheets 

53 60 

62 

40 

56 

l I . 



6,077,732 
Page 2 

US. PATENT DOCUMENTS 5,665,611 9/1997 Sandhu et a1. . 
5,670,399 9/1997 Manning et a1. . 

5,403,761 4/1995 Rha- 5,716,879 2/1998 (311616161. 
5,411,909 5/1995 Manning et a1. ....................... .. 437/52 5,728,604 3/1998 Rha et a1, _ 

5,418,393 5/1995 Hayden ........ .. .. 257/347 5,753,543 5/1998 Sandhu et a1. ........................ .. 438/163 

5,432,102 7/1995 ChO e161. .. 438/163 5,759,879 6/1998 Iwasaki . 438/166 
5,459,088 10/1995 Rha et a1. .... .. .. 438/158 5,766,988 6/1998 ChO e161. . 438/163 

5,510,278 4/1996 Nguyen et a1. ....................... .. 438/158 5,869,360 2/1999 Batra et a1. ........................... .. 438/151 







U.S. Patent Jun. 20,2000 Sheet 3 0f4 6,077,732 

K30 
35 

46 

/— .30 

50 
40 46 

40 
34 

38 
34 

32 

56 K30 





6,077,732 
1 

METHOD OF FORMING A THIN FILM 
TRANSISTOR 

RELATED PATENT DATA 

This application is a continuation application of Ser. No. 
08/624,683, Which Was ?led on Mar. 25, 1996 now US. Pat. 
No. 5,753,543. 

TECHNICAL FIELD 

This invention relates to methods of forming thin ?lm 
transistors. 

BACKGROUND OF THE INVENTION 

As circuit density continues to increase, there is a corre 
sponding drive to produce smaller and smaller ?eld effect 
transistors. Field effect transistors have typically been 
formed by providing active areas Within a bulk substrate 
material or Within a complementary conductivity type Well 
formed Within a bulk substrate. Although the ?eld effect 
transistor feature siZe is reducing With advances in process 
technology, even greater packing density can be achieved by 
forming transistors over insulating layers, such as oxide. 
These transistors are commonly referred to as “thin ?lm 
transistors” (TFT). 

With TFTs, a thin ?lm of semiconductive material is ?rst 
provided. Acentral channel region of the thin ?lm is masked, 
While opposing adjacent source/drain regions are doped With 
an appropriate p or n type conductivity enhancing impurity. 
A gate insulator and gate are provided either above or beloW 
the thin ?lm channel region, thus providing a ?eld effect 
transistor having an active channel region formed entirely 
Within a thin ?lm as opposed to a bulk semiconductor 
substrate. 

The invention greW out of needs associated With TFTs and 
their usage in high-density static random access memories 
(SRAMs) and ?at panel displays. A static memory cell is 
characteriZed by operation in one of tWo mutually eXclusive 
and cell-maintaining operating states. Each operating state 
de?nes one of the tWo possible binary bit values, 0 or 1. A 
static memory cell typically has an output Which re?ects the 
operating state of the memory cell. Such an output produces 
a “high” voltage to indicate a “set” operating state. The 
memory cell output produces a “loW” voltage to indicate a 
“reset” memory cell operating state. A loW or reset output 
voltage usually represents a binary value of 0, and a high or 
set output voltage represents a binary value of 1. 
A static memory cell is said to be bi-stable because it has 

tWo stable or self-maintaining operating states, correspond 
ing to tWo different output voltages. Without eXternal 
stimuli, a static memory cell Will operate continuously in a 
single one of its tWo operating states. It has internal feedback 
to maintain a stable output voltage, corresponding to oper 
ating states of the memory cell, as long as the memory cell 
receives poWer. 

The operation of the static memory cell is in contrast to 
other types of memory cells, such as dynamic cells, Which 
do not have stable operating states. A dynamic memory cell 
can be programmed to store a voltage Which represents one 
of tWo binary values, but requires periodic reprogramming 
or “refreshing” to maintain this voltage for more than very 
short time periods. Adynamic memory cell has no feedback 
to maintain a stable output voltage. Without refreshing, the 
output of a dynamic memory cell Will drift toWards inter 
mediate or indeterminate voltages, effectively resulting in 
loss of data. 
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2 
Dynamic memory cells are used in spite of this limitation 

because of the signi?cantly greater packaging densities 
Which can be attained. For instance, a dynamic memory cell 
can be fabricated With a single MOSFET transistor, rather 
than the siX transistors typically required in a static memory 
cell. SRAM cell density can be maXimiZed With three 
dimensional integration. For eXample, load transistors of the 
SRAM cell constitute TFTs Which are folded over the bulk 
transistors. Because of the signi?cantly different architec 
tural arrangements and functional requirements of static and 
dynamic memory cells and circuits, static memory design 
has developed along a different path than has the design of 
dynamic memories. 

Ongoing efforts in SRAM circuitry have brought about 
the development of TFTs in an attempt to minimiZe space 
and for other advantageous reasons associated With TFTs. 
While the invention greW out of needs associated With TFTs 
of SRAM circuitry, the artisan Will appreciate applicability 
of the invention to other types of circuitry, for eXample, TFT 
based AMLCDs Where a TFT can be used as a pass transistor 
in a piXel and also in the driver circuitry. 
One common material utiliZed as the thin source, channel 

and drain ?lm in a TFT is polysilicon. Such is comprised of 
multiple forms of individual single crystal silicon grains. 
The locations Where tWo individual crystalline grains abut 
one another is commonly referred to as a grain boundary. 
Grain boundaries are inherent in polycrystalline materials, 
such as polysilicon, as it is the boundaries Which de?ne the 
breaks betWeen individual crystal grains. The crystalline 
structure breaks doWn at the grain boundaries, giving rise to 
a high concentration of broken or “dangling” Si bonds. 
These dangling bonds “trap” carriers and give rise to poten 
tial barriers at the grain boundaries. These potential a 
barriers impede the How of carriers in polysilicon, thus 
reducing conductivity compared to bulk silicon. 
The grain boundary potential barrier height is propor 

tional to the square of the dangling bond density, or “trap 
density”. The smaller the grain siZe, the higher the trap 
density and thus the loWer the conductance. In a TFT, the 
grain boundary potential barrier height in the channel is 
controlled by the gate voltage, and hence the conductivity is 
a function of the gate voltage. The TFTs, hoWever, have a 
loWer drive compared to bulk transistors because of loWer 
mobility in the channel and higher Vt due to the larger trap 
concentration. 

The grain boundary trap concentration also affects the 
leakage current or the OFF current in TFTs. In polysilicon or 
other polycrystalline TFTs, the presence of grain boundary 
traps at the drain end can dramatically increase the leakage 
current and the presence of a “gate-to-drain” electric ?eld. 
The increase in leakage results from either “thermionic ?eld 
emission” and/or “Poole-Frenkel” emission through the 
grain boundary traps. Accordingly, the greater the number of 
grain boundaries (i.e., the smaller the grain siZe), the greater 
the current leakage through the material. Greater current 
leakage means that more poWer is required to replace the 
leaking current to maintain an SRAM cell transistor in its 
desired poWered-on state. Such leakage is particularly 
adverse in laptop computers, Where desired poWer consump 
tion When a cell’s state is not being changed Would be 
desired to be very loW to eXtend battery life. 

High density SRAMs (16 Mb or higher) typically require 
TFTs With loW OFF currents (<50 fA) and high ON current 
(>5 nA) in order to obtain acceptable loW standby leakage 
and high memory cell stability. Current state-of-the-art TFTs 
provide loW standby current at the eXpense of ON current, 
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or at the expense of additional process complexity. One 
present Way of minimizing this current leakage at the cost of 
increased process complexity is by providing a “lightly 
doped offset” (LDO) region Within the thin ?lm. A lightly 
doped offset region is an elongated region Within the thin 
?lm Which is positioned effectively betWeen the channel 
region and the drain region and is not under direct gate 
control but is affected by the sole fringing ?elds. Such a 
region provides a buffer Zone for the electric ?eld betWeen 
the channel and drain Which minimiZes leakage therebe 
tWeen. 

One prior art manner of contending With problems asso 
ciated With grains boundaries is to “passivate” such bound 
aries after their formation. One technique involves exposing 
the thin ?lm polycrystalline layer to atomic or plasma 
hydrogen, With the intent being to produce silicon-hydrogen 
bonds instead of dangling bonds at the boundary interfaces. 
An alternate technique is to implant F into the thin ?lm 
polycrystalline layer in an effort to produce silicon-?uorine 
bonds at the boundary interfaces. A silicon-?uorine bond is 
much more desirable than a silicon hydrogen bond due to 
increased high temperature stability. HoWever, the ion 
implantation technique of providing ?uorine into a poly 
crystalline thin ?lm is not Without drawbacks. For example, 
the implantation undesirably damages the thin ?lm layer and 
typically creates more dangling bonds inherent from the 
implantation process. It also is not particularly effective in 
putting the F at the grain boundaries Where it is required. 

Relatedly, literature reports have shoWn that it is possible 
to enhance the performance of thin ?lm transistors, and 
particularly polysilicon thin ?lm transistors, by using a drain 
offset region betWeen the channel region and the drain 
region. The prior art literature reports provision of such layer 
to have a doping concentration identical to that of the 
channel region, or more preferably to have a dopant con 
centration of opposite conductivity type to that of the 
channel region and at a concentration less than that of the 
heavily conductively doped source and drain regions. 

Prior art processes of producing thin ?lm transistors With 
drain offset regions are described With reference to FIGS. 
1—6. For example, FIG. 1 illustrates a semiconductor Wafer 
fragment 10 comprised of a substrate 12. An insulating layer 
13 is provided thereover, and includes an intervening or 
embedded electrically conductive transistor gate 14. That 
portion of substrate 12 immediately beneath layer 13 and 
gate 14 Would comprise an insulator material. A gate dielec 
tric layer 16 overlies insulating layer 13 and gate 14. Further, 
a thin ?lm transistor layer 18 is provided over gate dielectric 
layer 16. 

In accordance With prior art methods, thin ?lm transistor 
layer 18 ii is subjected to a blanket implant, in this described 
example an n-type material, to some suitable ?rst loW 
concentration, such as 5><1017 ions/cm3—5><1018 ions/cm3. 
The function of the blanket implant is to provide desired 
resultant semiconductivity for the channel region of the 
transistor. 

Referring to FIG. 2, a mask 19 is provided over thin ?lm 
transistor layer 18 to de?ne a desired n— channel region 20 
overlying gate 14. Wafer 10 is then subjected to p-type 
doping to provide an example p— implant concentration 
outside of mask 19 to provide an example p— concentration 
of from 5><1018 ions/cm35><1019 ions/cm3. The purpose of 
such implant is to overWhelm the concentration of the 
blanket n- implant previously provided to produce a desired 
drain offset region. 

Referring to FIG. 3, channel region 20 and What becomes 
a desired drain offset region 24 are masked With a photore 
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4 
sist masking block 25. Wafer fragment 10 is then subjected 
to heavy p-type doping to provide a resultant p+ concentra 
tion of for example greater than or equal to 1><102O ions/cm3. 
The result is provision of desired source and drain regions 26 
and 27, respectively. The effect is to produce a lighter doped 
drain offset region of the same conductivity type of the 
source and drain regions. 

An alternate prior art method of producing thin ?lm 
transistors having drain offsets is described With reference to 
FIG. 4. Like numerals from the ?rst described embodiment 
are utiliZed Where appropriate, With differences being indi 
cated by the suffix “a”, or With different numerals. FIG. 4 in 
this described embodiment depicts a processing step imme 
diately subsequent to the FIG. 1 processing step of the ?rst 
described embodiment. Here, a masking block 19a is pat 
terned to overlap or extend laterally beyond the con?nes of 
gate 14 to provide a source offset region 17 and a drain offset 
region 24a. The Wafer is then subjected to heavy p+ doping 
to produce the illustrated source and drain regions 26a and 
27a, respectively. Therefore in accordance With this 
described prior art embodiment, the resultant drain offset 
region 24a is provided to be of the same identical concen 
tration and conductivity type as that of channel region 22. 

Yet another alternate prior art embodiment and method 
are shoWn in FIGS. 5 and 6. Like numerals from the ?rst 
described embodiment are utiliZed Where appropriate, With 
differences being indicated by the suf?x “b” or With different 
numerals. FIG. 5 illustrates a Wafer fragment 10b shoWn at 
a processing step immediately subsequent to that depicted 
by FIG. 1 of the ?rst described embodiment. Here, a 
photoresist masking layer 19b is patterned to provide a 
contact opening 21 effective for producing a desired drain 
offset region 24. The Wafer fragment is then subjected to 
light p-type doping, yet to a concentration suf?cient to 
overWhelm the n- concentration previously provided in 
drain offset region 24 by the FIG. 1 blanket implant. 

Referring to FIG. 6, masking block 25 is provided and the 
Wafer subjected to p+ doping to effectively produce the same 
resultant prior art construction of FIG. 3. 

This invention concerns improved methods of forming 
thin ?lm transistors having drain offsets as Well as to an 
improved thin ?lm transistor construction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described 
beloW With reference to the folloWing accompanying draW 
ings. 

FIG. 1 is a diagrammatic sectional vieW of one prior art 
Wafer fragment and discussed in the “Background” section 
above. 

FIG. 2 is a vieW of the prior art FIG. 1 Wafer at a prior art 
processing step subsequent to that shoWn by FIG. 1. 

FIG. 3 is a vieW of the prior art FIG. 1 Wafer at a prior art 
processing step subsequent to that shoWn by FIG. 2. 

FIG. 4 is a diagrammatic sectional vieW of another prior 
art Wafer fragment ad is discussed in the “Background” 
section above. 

FIG. 5 is a diagrammatic sectional vieW of yet another 
prior art Wafer fragment and is discussed in the “Back 
ground” section above. 

FIG. 6 is a vieW of the prior art FIG. 5 Wafer at a prior art 
processing step subsequent to that shoWn by FIG. 5. 

FIG. 7 is a diagrammatic sectional vieW of a Wafer 
fragment at one processing step in accordance With the 
invention. 
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FIG. 8 is a vieW of the FIG. 7 Wafer at a processing step 
subsequent to that shown by FIG. 7. 

FIG. 9 is a vieW of the FIG. 7 Wafer at a processing step 
subsequent to that shoWn by FIG. 8. 

FIG. 10 is a vieW of the FIG. 7 Wafer at a processing step 
subsequent to that shoWn by FIG. 9. 

FIGS. 11—12 are vieWs of the FIG. 7 Wafer at a processing 
step subsequent to that shoWn by FIG. 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

This disclosure of the invention is submitted in further 
ance of the constitutional purposes of the US. Patent LaWs 
“to promote the progress of science and useful arts” (Article 
1, Section 8). 

In accordance With one aspect of the invention, a method 
of forming a bottom gated thin ?lm transistor comprises the 
folloWing steps: 

providing a transistor gate relative to a substrate, the gate 
projecting outWard relative to the substrate; 

providing a gate dielectric layer over the transistor gate; 
providing a thin ?lm transistor layer of semiconductive 

material over the gate dielectric layer; the thin ?lm 
transistor layer comprising a source area, a channel 
area, a drain area, and a drain offset area; 

providing a masking layer over the thin ?lm transistor 
layer; 

anisotropically etching the masking layer to de?ne a 
masking sideWall spacer laterally adjacent the transis 
tor gate over the drain offset area and leave the channel 
area outWardly exposed; 

With the masking sideWall spacer in place, implanting a 
conductivity enhancing impurity of a ?rst type into the 
thin ?lm channel area to provide a thin ?lm channel 
region; and 

masking the channel area and the drain offset area While 
implanting conductivity enhancing impurity of a sec 
ond type into the thin ?lm source and drain areas to 
de?ne thin ?lm source and channel regions. 

Referring to FIG. 7, a semiconductor Wafer fragment in 
process in a method of forming a bottom gated thin ?lm 
transistor in accordance With the invention is indicated 
generally With reference numeral 30. Such comprises a bulk 
semiconductor substrate 32 having an overlying insulator 
layer 34, such as SiO2. Collectively, such de?ne an outer 
substrate surface 35. A gate 36 is provided relative to 
substrate 32/34, and projects outWardly relative to outer 
surface 35. A gate dielectric layer 38 is provided outWardly 
relative to surface 35 and transistor gate 36. A thin ?lm 
transistor layer 40 of semiconductive material is provided 
over gate dielectric layer 38. For purposes of the continuing 
discussion, such comprises or de?nes a source area 41, a 
channel area 42, a drain area 44, and a drain offset area 43. 
Abuffering etch stop layer 46 is provided outWardly of thin 
?lm transistor layer 40. Such preferably comprises SiO2, 
With an eXample thickness being 100 Angstroms. Layer 40 
at this point in the process is preferably doped With, for 
eXample, BF2 to provide a p— desired implant concentration 
for an offset region to be formed relative to offset area 43. 
An eXample p-type implant concentration is 1><1017—1018 
ions/cm3. 

Referring to FIG. 8, a masking layer 50 is provided over 
etch stop layer 46, and thus over thin ?lm transistor layer 40. 
Masking layer 50 and thin ?lm transistor layer 40 preferably 
comprise the same predominate material, such as polysili 
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6 
con. Doping concentration and type hoWever might be 
different or non-existent, With layers 40 and 50 still essen 
tially comprising the same predominate material. Other 
materials for layer 50 are also contemplated, such as by Way 
of eXample only, Si3N4, WSix and SiO2. 

Referring to FIG. 9, masking layer 50 is anisotropically 
etched to de?ne a ?rst masking sideWall spacer 52 laterally 
adjacent transistor gate 36 over drain offset area 43 and a 
second masking sideWall spacer 54 laterally adjacent tran 
sistor gate 36 over or Within source is area 41. Channel area 
42 and remaining portions of source area 41 and drain area 
44 are left effectively outWardly eXposed. 
With ?rst and second masking sideWall spacers 52, 54, 

respectively, in place, a conductivity enhancing impurity of 
a ?rst type is ion implanted into thin ?lm channel area 42 of 
thin ?lm transistor layer 40, thus de?ning a thin ?lm channel 
region 56. An eXample and preferred dopant in accordance 
With the above described eXample is n-type, such as 
phosphorus, deposited to a concentration 10 times greater 
than the p-type implant of FIG. 7, With an eXample being 
1><1018—1><1019 ions/cm3. 

Referring to FIG. 10, a ?uorine containing layer 58 is 
provided over ?rst sideWall spacer 52, second sideWall 
spacer 54, etch stop layer 46, and thereby effectively over 
polycrystalline thin ?lm layer 40. An eXample thickness for 
layer 58 is 500 Angstroms. Wafer fragment 30, having 
?uorine containing layer 58, is then annealed at a tempera 
ture and for a time period Which in combination are effective 
to drive ?uorine from ?uorine containing layer 58 into 
polycrystalline thin ?lm layer 40 and incorporate ?uorine 
Within grain boundaries in layer 40 to passivate such grain 
boundaries. Buffering etch stop layer 46 constitutes a buff 
ering layer, With SiO2 deposited to the above preferred 
thicknesses being effectively transmissive of ?uorine ions 
from layer 58 into regions of thin ?lm transistor layer 40 not 
covered by ?rst and second masking spacers 52 and 54. 
More speci?cally, layer 58 preferably contains ?uorine as 

an eXcess of ?uorine in the form of free or loosely associated 
?uorine atoms. An eXample and preferred material for layer 
58 is WSix provided by chemical vapor deposition utiliZing 
WF6 and SiH4 as precursors. The ?uorine from the WF6 
precursor Will desirably be appreciably incorporated in layer 
58. An eXample process for providing layer 58 by CVD 
using WF6 and SiH4 in a manner Which maXimiZes incor 
porated ?uorine includes WF6 and 30 sccm, Ar at 500 sccm, 
SiH4 at 300 sccm, a temperature of 400° C. and a pressure 
of 1 Torr. Alternately by Way of eXample only, ?uorine 
containing layer 58 might predominantly comprise elemen 
tal W having incorporated ?uorine, such as by utiliZing a 
CVD process also using WF6 as a precursor. 
The ?uorine Will incorporated Within the grain boundaries 

from the annealing step Will passivate said grain boundaries. 
The principal mechanism by Which such ?uorine transports 
from layer 58 to 40 is understood to be predominantly 
physical, as opposed to by chemical action. Alternately but 
less preferred, such ?uorine displacement from layer 58 to 
layer 40 might occur by a chemical mechanism. HoWever 
most preferably, the annealing temperature and time are 
selected to be sufficiently great to drive ?uorine from layer 
58 into polycrystalline layer 40, but also sufficiently loW to 
prevent a chemical reaction of layer 58 With layer 40. 

For eXample Where layer 58 predominantly comprises 
elemental tungsten, an annealing temperature is preferably 
less than 700° C. to prevent the top or a substantial portion 
of layer 40 from being reacted With layer 58 to form WSix. 
Typical and eXample preferred annealing temperatures for a 
WSix or other as-deposited layer 58 Which has reaction 
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resistance With respect to polycrystalline material of layer 40 
is from about 600° C. to 1000° C. for anyWhere from 5 
seconds (rapid thermal processing) to greater than one hour. 
The incorporated ?uorine Within layer 40 preferably forms 
Si-F bonds With the dangling bonded silicon atoms inherent 
at the grain boundaries. 

Further in accordance With the invention, masking layer 
50 can advantageously constitute the ?uorine containing 
layer. Asubsequent suitable anneal prior to spacer formation 
Would then preferably be utiliZed. Layer 58 Would not then 
be utiliZed. 

Referring to FIG. 11, a layer of photoresist 60 is deposited 
and patterned as shoWn to mask channel area 42 and drain 
offset area 43, yet leave source area 41 and drain area 44 
outWardly exposed. With patterned photoresist layer 60 in 
place, ?uorine containing layer 58 and second sideWall 
spacer 54 are etched from outWardly of thin ?lm transistor 
layer 40. Then With masking layer 60 still in place, ion 
implanting of a conductivity enhancing impurity of a second 
type is conducted into thin ?lm source area 41 and thin ?lm 
drain area 44 to de?ne a thin ?lm source region 62 and a thin 
?lm drain region 64 having heavy doping. Such effectively 
de?nes an intermediate drain offset region 47. In the 
described example, the second type Would be p-type With, 
BF2 being an example dopant material. Example resultant 
concentration in regions 62 and 64 Would be greater than or 
equal to about 1><102O ions/cm3. Photoresist layer 60 and 
?uorine containing layer 58 Would thereafter be stripped 
from the Wafer. 

The above described example provided drain offset region 
47 to be doped With a conductivity enhancing impurity type 
the same as that of source and drain regions 62 and 64, but 
to a loWer concentration than that of the source and drain 
regions. Alternately provided drain offset regions are also 
contemplated. For example, drain offset region 47 might be 
provided to be doped With a conductivity enhancing impu 
rity the same type as that of channel region 56. Further, such 
same type impurity might be provided to a loWer concen 
tration than that of channel region 56. Further alternatively, 
drain offset region 47 can be provided to consist essentially 
of undoped intrinsic semiconductive material of layer 40 
as-deposited Without doping. 

The above described preferred embodiments Were With 
respect to methods of fabricating bottom gated thin ?lm 
transistor. HoWever fabrication of other thin ?lm transistors 
is also contemplated, such as top gated thin ?lm transistors 
and thin ?lm transistors having both bottom and top gates. 
An example top gated thin ?lm transistor is described With 
reference to FIG. 12. Like numerals from the FIGS. 7—11 
embodiment are utiliZed Where appropriate, With differences 
being indicated by the suf?x “a” or With different numerals. 
In this example embodiment, component 36a does not 
necessarily constitute a bottom gate. Such might comprise, 
for example, an insulating material oxide block, or some 
electrically conductive device component not necessarily 
material to the thin ?lm transistor construction or operation. 
Layer 38a in this example does not necessarily constitute a 
gate dielectric layer, but is shoWn to be a thicker layer than 
the FIGS. 7—11 embodiment to constitute a thicker insulat 
ing layer for isolation betWeen a conductive component 36a 
and the overlying thin ?lm transistor layer. 

OtherWise in this preferred embodiment, processing 
occurs as described directly above in the FIGS. 7—11 
embodiment, With FIG. 12 depicting processing occurring in 
sequence after those steps depicted by FIG. 11. Regardless 
and in accordance With broader aspects of the invention, the 
illustrated right edge of component 36 or 36a relative to 
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8 
underlying substrate 34 can be considered as an elevation 
step. Such translates to overlying layers for purposes of 
facilitating resultant anisotropic etching of a masking layer 
to de?ne a masking sideWall spacer. Such is inherent in both 
the FIGS. 7—11 and the FIG. 12 depicted embodiments. In 
the ?rst described embodiment, the elevation step is pro 
vided by the gate of a bottom gated thin ?lm ?eld effect 
transistor. In the FIG. 12 embodiment, component 36a 
provides the step. 

FIG. 12 also depicts provision of an overlying gate 
dielectric layer 46a and patterned gate 70 to form a top gated 
thin ?lm ?eld effect transistor. Gate dielectric layer 46a 
Would typically be a subsequently deposited layer after 
stripping of etch stop layer 46, Where such layer is utiliZed. 
Further alternatively, the illustrated component 70 and 36a 
might both be utiliZed as gating components for both top and 
bottom gating the channel region therebetWeen, With both 
layers 46a and 38a being utiliZed as gate dielectric layers in 
such instance. 

In compliance With the statute, the invention has been 
described in language more or less speci?c as to structural 
and methodical features. It is to be understood, hoWever, that 
the invention is not limited to the speci?c features shoWn 
and described, since the means herein disclosed comprise 
preferred forms of putting the invention into effect. The 
invention is, therefore, claimed in any of its forms or 
modi?cations Within the proper scope of the appended 
claims appropriately interpreted in accordance With the 
doctrine of equivalents. 
What is claimed is: 
1. Amethod of forming a bottom gated thin ?lm transistor 

comprising the folloWing steps: 
providing a transistor gate on a substrate; 
providing a thin ?lm transistor layer outWardly of the 

transistor gate, the thin ?lm transistor layer comprising 
a source area, a channel area, a drain area, and a drain 

offset area; 

providing a sideWall spacer laterally adjacent the transis 
tor gate over the drain offset area and leaving the 
channel area outWardly exposed; 

With the masking sideWall spacer in place, implanting a 
conductivity enhancing impurity of a ?rst type into the 
thin ?lm channel area to provide a thin ?lm channel 
region; and 

masking the channel area and the drain offset area While 
implanting conductivity enhancing impurity of a sec 
ond type into the thin ?lm source and drain areas to 
de?ne thin ?lm source and channel regions. 

2. A method of forming a thin ?lm transistor comprising 
the folloWing steps: 

providing a substrate having an elevation step; 

providing a thin ?lm transistor layer of semiconductive 
material outWard of the substrate With the elevation 
step; the thin ?lm transistor layer comprising a source 
area, a channel area, a drain area, and a drain offset 

area; 

providing a spacer laterally adjacent the elevation step 
over the drain offset area and leaving the channel area 
outWardly exposed; 

With the masking sideWall spacer in place, implanting a 
conductivity enhancing impurity of a ?rst type into the 
thin ?lm channel area to provide a thin ?lm channel 
region; 

masking the channel area and the drain offset area While 
implanting conductivity enhancing impurity of a sec 
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ond type into the thin ?lm source and drain areas to 
de?ne thin ?lm source and channel regions. 

3. Amethod of forming thin ?lm transistor comprising the 
following steps: 

providing a transistor gate on a substrate; 

providing a thin ?lm transistor layer outwardly of the gate 
dielectric layer; the thin ?lm transistor layer comprising 
a source area, a channel area, a drain area, and a drain 

offset area, and Wherein the drain offset area is doped 
With a given conductivity enhancing impurity; 

providing a sideWall spacer laterally adjacent the transis 
tor gate over the drain offset area and leaving the 
channel area outWardly eXposed; 

With the sideWall spacer in place, implanting a conduc 
tivity enhancing impurity of a ?rst type into the thin 
?lm channel area to provide a thin ?lm channel region; 
and 

masking the channel area and the drain offset area While 
implanting the conductivity enhancing impurity into 
the thin ?lm source and drain areas to de?ne thin ?lm 
source and channel regions. 

4. A method of forming a thin ?lm transistor comprising 
the folloWing steps: 

providing a transistor gate outWardly of a substrate; 
providing a thin ?lm transistor layer of semiconductive 

material outWardly of the gate dielectric layer; the thin 
?lm transistor layer comprising a source area, a channel 
area, a drain area, and a drain offset area; and Wherein 
the drain offset area is doped With a conductivity 
enhancing impurity to a given concentration; 

providing a sideWall spacer laterally adjacent the transis 
tor gate over the drain offset area and leaving the 
channel area outWardly eXposed; 

With the masking sideWall spacer in place, implanting a 
conductivity enhancing impurity of a ?rst type into the 
thin ?lm channel area to provide a thin ?lm channel 
region; and 

masking the channel area and the drain offset area While 
implanting conductivity enhancing impurity of a sec 
ond type to a given concentration into the thin ?lm 
source and drain areas to de?ne thin ?lm source and 
channel regions, and Wherein dopant concentration in 
the drain offset area is loWer than the dopant concen 
tration in the source and drain areas. 

5. A method of forming a thin ?lm transistor comprising 
the folloWing steps: 

providing a transistor gate on a substrate; 
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10 
providing a thin ?lm transistor layer of semiconductive 

material over the gate dielectric layer; the thin ?lm 
transistor layer comprising a source area, a channel 
area, a drain area, and a drain offset area; and Wherein 
the drain offset area is doped With a conductivity 
enhancing impurity to a given concentration; 

providing a sideWall spacer laterally adjacent the transis 
tor gate over the drain offset area and leaving the 
channel area outWardly eXposed; 

With the masking sideWall spacer in place, implanting a 
conductivity enhancing impurity of a ?rst type into the 
thin ?lm channel area to provide a thin ?lm channel 
region; and 

masking the channel area and the drain offset area While 
implanting the conductivity enhancing impurity to a 
given concentration into the thin ?lm source and drain 
areas to de?ne thin ?lm source and channel regions, 
and Wherein the dopant concentration in the drain offset 
area is loWer than the dopant concentration in the 
source and drain area. 

6. Amethod of forming a bottom gated thin ?lm transistor 
comprising the folloWing steps: 

providing a transistor gate over a bulk monocrystalline 
silicon substrate, the gate projecting outWard relative to 
the substrate; 

providing a gate oXide layer over the transistor gate; 
providing a thin ?lm transistor layer comprising polysili 

con over the gate dielectric layer; the thin ?lm transis 
tor layer comprising a source area, a channel area, a 
drain area, and a drain offset area; 

providing a masking layer over the thin ?lm transistor 
layer; 

anisotropically etching the masking layer to de?ne a 
masking sideWall spacer laterally adjacent the transis 
tor gate over the drain offset area and leave the channel 
area outWardly eXposed; 

With the masking sideWall spacer in place, implanting a 
conductivity enhancing impurity of a ?rst type into the 
thin ?lm channel area to provide a thin ?lm channel 
region; and 

masking the channel area and the drain offset area While 
implanting conductivity enhancing impurity of a sec 
ond type into the thin ?lm source and drain areas to 
de?ne thin ?lm source and channel regions. 

* * * * * 
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